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(57) ABSTRACT 

A volume management method is proposed for setting at 
least a logical volume over a plurality of physical storage 
devices by taking requested performance of other volumes 
into consideration. The volume management method com 
prises the steps of: receiving a volume creation request 
specifying a requested storage capacity and requested aver 
age performance; forming a judgment as to Whether or not 
there exists an unoccupied area satisfying the requested 
storage capacity throughout the storage devices; forming a 
judgment as to Whether or not all volumes, Which include 
existing volumes each sharing any of the storage devices 
With a volume to be created and the volume to be created, 
each satisfy its requested average performance by referring 
to information of requested average performance on a stor 
age means for each of the existing volumes if the unoccupied 
area satisfying a requested storage capacity is determined to 
exist; and setting the volume to be created if all the volumes 
each satisfy the requested average performance. 
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VOLUME MANAGEMENT METHOD AND 
APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] In general, the present invention relates to a vol 
ume management method for de?ning a volume on a physi 
cal storage device of a storage apparatus. More particularly, 
the present invention relates to a processing technique for 
creating and moving a volume by consideration of effects on 
performance of other volumes. 

[0002] There exists a technology called RAID (Redundant 
Array of Inexpensive Disks) for improving reliability and 
performance by grouping tWo or more physical disks to 
provide redundancy. In using a storage apparatus by adop 
tion of the RAID technology, ?rst of all, tWo or more 
physical disks (physical storage devices) of a storage appa 
ratus are collected to form a group called a parity group. 
Then, logical storage areas are de?ned in the parity group. 
The logical storage areas are each called a volume to be used 
by a computer making accesses to the storage apparatus. In 
many cases, at least tWo volumes can be de?ned in a parity 
group. FIG. 1(a) shoWs typical de?nition. As shoWn in FIG. 
1(a), four physical disks 1001, 1002, 1003 and 1004 con 
stitute a parity group 1005 in Which three volumes 1006, 
1007 and 1008 are de?ned. The volumes 1006, 1007 and 
1008 de?ned in the parity group 1005 all use the physical 
disks 1001, 1002, 1003 and 1004. A state of letting different 
volumes share the same physical disk prevails not only in a 
case Wherein a storage apparatus adopting the RAID tech 
nology is used, but also a case in Which tWo or more volumes 
are de?ned on a physical disk. 

[0003] There are several Ways to de?ne the method of 
composing a parity group of a plurality of physical disks by 
using such a RAID technology. A standard used in the 
de?nition of the method is referred to as a RAID level. At 
RAID level 0, Which is also called a stripe, for example, data 
is Written sequentially into a plurality of physical disks in 
predetermined-size units. At RAID level 1, Which is called 
a mirror, on the other hand, data is read out from and Written 
into 2 physical disks. At RAID levels 4 and 5 for storing data 
redundantly, data is stored by being distributed among a 
plurality of disks except one speci?c disk so that data can be 
recovered onto the speci?c disk in case another physical disk 
fails and becomes unusable. RAID levels 4 and 5 differ from 
each other in that they employ different Ways of holding 
redundant data. 

[0004] There also exists a storage apparatus in Which a 
parity group is composed by grouping partial areas of 
physical disks instead of Whole areas of physical disks. In 
this case, a physical disk may belong to a plurality of parity 
groups. An example is shoWn in FIG. 1(b). In this example, 
a parity group 1015 is composed of partial areas of physical 
disks 1009, 1010, 1011 and 1012. Avolume 1016 is de?ned 
in the parity group 1015. A parity group 1013 is composed 
of partial areas of physical disks 1009 and 1010 and no 
volume is de?ned in the parity group 1013. A parity group 
1014 is composed of partial areas of physical disks 1011 and 
1012 and a volume 1017 is de?ned in the parity group 1014. 
In this storage apparatus, the physical disks 1009, 1010, 
1011 and 1012 each belong to 2 parity groups. 

[0005] In some storage apparatuses adopting the RAID 
technology, a volume is not directly de?ned in a parity 
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group. Instead, such storage apparatuses have a function 
Whereby logical disks are de?ned in a parity group, logical 
disks are divided and joined repeatedly across several hier 
archical layers and a logical disk at the top hierarchical layer 
is de?ned as a volume. In the storage apparatus shoWn in 
FIG. 1(b), for example, a logical disk is de?ned in each of 
parity groups 1013 and 1014, and What is obtained by 
joining the de?ned logical disks forms a volume. 

[0006] One of references describing the RAID technology 
is a document authored by Mark Farley With a title of 
“Building Storage NetWorks,” NetWork Professional’s 
Library, Osborne. 

[0007] By the Way, in recent years, attention is paid to a 
SAN (Storage Area NetWork), Which is a high-speed net 
Work comprising typically ?ber channels connecting a plu 
rality of storage apparatuses to a plurality of client comput 
ers using the storage apparatuses. In the SAN environment, 
a client computer is capable of using tWo or more storage 
apparatuses at the same time and a storage apparatus can be 
used by tWo or more client computers. A typical con?gura 
tion of the SAN is shoWn in FIG. 2. In the SAN con?gu 
ration shoWn in FIG. 2, a netWork 2001 connects storage 
apparatuses 2005, 2006 and 2007, client computers 2002 
and 2003 using the storage apparatuses 2005, 2006 and 2007 
as Well as a management computer 2004 for managing the 
storage apparatuses 2005, 2006 and 2007 to each other. The 
management computer 2004 de?nes internal con?gurations 
of the storage apparatuses 2005, 2006 and 2007, Which are 
connected to the netWork 2001, and controls permissions of 
accesses to the storage apparatuses 2005, 2006 and 2007. In 
the SAN environment shoWn in FIG. 2, if the client com 
puter 2002 is given an access permission by the management 
computer 2004, the client computer 2002 is capable of 
making accesses to all the storage apparatuses 2005, 2006 
and 2007. In addition, the client computer 2002 and the 
client computer 2003 are capable of sharing the storage 
apparatus 2005. 

[0008] Many storage apparatuses such as the storage appa 
ratuses 2005, 2006 and 2007, Which are used in the SAN 
environment like the one shoWn in FIG. 2, adopt the RAID 
technology described earlier. For example, a plurality of 
volumes using the same physical disks are created in the 
storage apparatus 2005, and each of the volumes can be used 
by the client computers 2002 and 2003. 

[0009] One of references describing the SAN is a docu 
ment With a title of “Data Storage: Report 2000,” an edition 
of Nikkei Computopia, 2000. 

[0010] A storage management program is used for doing 
Work to create and move a parity group and a volume. The 
storage management program is executed by the manage 
ment computer connected to the SAN or a SAN terminal 
provided With a storage apparatus. If physical disks in a 
storage apparatus being processed have suf?ciently large 
storage capacities and the storage apparatus’ necessary 
resources can all be used, requested operations can alWays 
be carried out. 

[0011] By the Way, the storage management program may 
have a function relevant to management of performance of 
physical disks and volumes. The storage management pro 
gram may be provided With a function to monitor an average 
access time of a volume in physical disks and issues a 
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Warning if the monitored access time exceeds the average 
access time’s upper limit determined in advance. The stor 
age management program may have a function to store a 
performance log and optimiZe performance by relocation of 
volumes in accordance With the stored performance log. 

SUMMARY OF THE INVENTION 

[0012] In a case Wherein tWo or more volumes use the 
same physical disk shoWn in FIGS. 1(a) and 1(b), if accesses 
are concentrated on a speci?c one of the volumes, it is quite 
Within the bounds of possibility that the performance of 
another volume using the same physical disk deteriorates. 
Assume that accesses are concentrated on the volume 1006 
shoWn in FIG. 1(a). In this case, the performance of the 
volumes 1007 and 1008, Which use the same physical disk, 
deteriorates. From a different point of vieW, if an already 
existing volume displays requested performance and a neW 
volume is created to use the same physical disk as the 
already existing volume or a volume is moved from another 
physical disk to the same physical disk, it is quite Within the 
bounds of possibility that the already existing volume is no 
longer capable of satisfying the requested performance. 
Assume that the volume 1006 shoWn in FIG. 1(a) currently 
has an average access time of 18 msec, satisfying a required 
average access time of 20 msec. Let a neW volume be 
created in the parity group 1005. In this case, the average 
access time of the volume 1006 deteriorates to 23 msec. 
Thus, the volume 1006 no longer satis?es the requested 
average access time of 20 msec. 

[0013] In an environment Wherein a physical disk can be 
used from a plurality of client computers as is the case With 
the SAN environment shoWn in FIG. 2, special attention 
needs to be paid to the problems described above. This is 
because volumes used by different client computers can be 
de?ned on the same physical disk. In such a case, if a volume 
is neWly created to be used by a certain client computer, the 
performance of a volume used by another client computer 
deteriorates. In addition, most of storage apparatuses used in 
the SAN environment adopt the RAID technology Wherein 
relations betWeen physical disks and volumes are set repeat 
edly across several hierarchical layers, resulting in a com 
plexity. Thus, the person in charge of storage-apparatus 
management must manually verify Which volumes share the 
same physical disk When changing a volume con?guration. 
Such manual Work is impractical. 

[0014] In spite of the fact that the contemporary storage 
apparatus has the problems described above, the conven 
tional management program and the conventional storage 
apparatus do not have a function for creating and moving a 
volume by consideration of effects on the performance of 
another volume. 

[0015] In addition, a management program having the 
conventional function related to performance adopts a tech 
nique for detecting deterioration of performance and 
improving the deteriorating performance after actually using 
a volume instead of considering effects on the performance 
of another volume in creating or moving a volume. Thus, it 
is quite Within the bounds of possibility that a volume 
becomes incapable of meeting requested average perfor 
mance temporarily and the performance of another volume 
deteriorates even after volume relocation for preventing the 
performance from deteriorating. 
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[0016] It is thus an object of the present invention to 
provide a management technique for creating and moving a 
volume by consideration of requested performance of all 
related other volumes. 

[0017] In accordance With an aspect of the present inven 
tion, there is provided a volume management method for 
setting at least a logical volume over a plurality of physical 
storage devices, said volume management method compris 
ing the steps of: 

[0018] receiving a volume creation request specify 
ing information on a requested storage capacity and 
information on requested average performance; 

[0019] forming a judgment as to Whether or not there 
exists an unoccupied area satisfying the requested 
storage capacity throughout the storage devices; 

[0020] forming a judgment as to Whether or not all 
volumes, Which include existing volumes each shar 
ing any of the storage devices With a volume to be 
created and the volume to be created, each satisfy its 
requested average performance by referring- to 
information of requested average performance on a 
storage means for each of said existing volumes if 
said unoccupied area satisfying a requested storage 
capacity is determined to exist; and 

[0021] setting said volume to be created if all said 
volumes each satisfy said requested average perfor 
mance. 

[0022] In accordance With another aspect of the present 
invention, there is provided a volume management method 
for searching a storage apparatus comprising a plurality of 
physical storage devices, on Which at least one logical 
volume is set, for an unoccupied area used by a neW volume 
over some of said physical storage devices, said volume 
management method comprising the steps of: 

[0023] receiving an unoccupied-area-searching 
request specifying information on requested average 
performance; 

[0024] forming a judgment as to Whether or not all 
volumes, Which include existing volumes and the 
neW volume supposed to be added to the existing 
volumes, each satisfy its requested average perfor 
mance by referring to information of requested aver 
age performance on a storage means for each of the 
existing volumes Which share any of the storage 
device With an unoccupied area; and 

[0025] displaying information on the area if all the 
volumes each satisfy the requested average perfor 
mance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIGS. 1(a) and 1(b) are explanatory diagrams 
shoWing relations betWeen physical discs and volumes; 

[0027] FIG. 2 is a diagram shoWing the con?guration of 
a computer system provided by an embodiment of the 
present invention; 

[0028] FIG. 3 is a block diagram shoWing the con?gura 
tion of a management computer provided by the embodi 
ment; 
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[0029] FIG. 4 shows a ?owchart representing the proce 
dure of processing to create a volume in accordance With the 

embodiment; 
[0030] FIG. 5 shoWs a ?oWchart representing the proce 
dure for examining Whether or not all volumes each satisfy 
a required access time after processing to create a volume in 
accordance With the embodiment; 

[0031] FIG. 6 shoWs a ?oWchart representing a procedure 
for searching for an alternative plan of the embodiment; 

[0032] FIG. 7 shoWs a ?oWchart representing a procedure 
for searching for an unoccupied area satisfying a requested 
access time in accordance With the embodiment; 

[0033] FIG. 8 shoWs a ?oWchart representing a procedure 
for determining an access time after creation of a volume in 

the embodiment; 

[0034] FIG. 9 shoWs a typical table for determining an 
access time after creation of a volume; 

[0035] FIG. 10 shoWs a table of data held by a requested 
access-time-holding means implemented by the embodi 
ment; 

[0036] FIGS. 11(a) and 11(b) shoW tables of information 
held by a storage-con?guration-information-holding unit 
implemented by the embodiment; 

[0037] FIG. 12 shoWs a ?oWchart representing a proce 
dure for acquiring a list of volumes satisfying a requested 
access time in accordance With another embodiment; and 

[0038] FIG. 13 shoWs a ?oWchart representing a proce 
dure for cataloging a requested access time in accordance 
With the embodiment. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0039] A ?rst embodiment implements a procedure 
Whereby, When a volume is created, an average access time 
of each other volume is veri?ed not to exceed its requested 
average access time and, if it is quite Within the bounds of 
possibility that the former exceeds the latter, a Warning or an 
alternative plan is displayed. The average access time and 
the requested average access time are referred to hereafter 
simply as an access time and a requested access time 
respectively. It should be noted that a small access time 
indicates that data can be accessed in a short period of time 
and, hence, indicates high performance. In the folloWing 
description, an (average) access time satisfying a requested 
(average) access time means an average access time shorter 
than a requested (average) access time. 

[0040] FIG. 3 is a block diagram shoWing the con?gura 
tion of a management computer 2004 shoWn in FIG. 2. A 
storage apparatus 3011 shoWn in FIG. 3 corresponds to the 
storage apparatus 2005, 2006 or 2007 shoWn in FIG. 2. The 
storage apparatus 3011 includes physical disks 3015 and 
3016. A volume-creation-request-receiving unit 3001 
receives a volume creation request issued by the person in 
charge of system management, the storage capacity of a 
volume to be created, information on a parity group in Which 
the volume is to be created, the average number of input/ 
output requests issued to the volume to be created and a 
requested access time. The average number of input/output 
requests issued to the volume to be created is referred to 

Aug. 11, 2005 

hereafter as an average I/O count. A volume-creation-re 
quest-processing unit 3003 accepts a request received by the 
volume-creation-request-receiving unit 3001 and carries out 
processing in conjunction With a requested-access-time 
preservation examiner 3005, a volume-con?guration-infor 
mation receiver 3008, an alternative-plan-searching unit 
3004, a volume-creation-request issuer 3007 and a Warning 
& alternative-plan-displaying unit 3002. 

[0041] The volume-con?guration-information receiver 
3008 issues a request to acquire information on the con?gu 
ration of volumes de?ned on the physical disks 3015 and 
3016 to a volume-con?guration-information-supplying unit 
3013 in the storage apparatus 3011 and acquires a result of 
the request. The volume-creation-request issuer 3007 issues 
a request for creation of a volume to a volume-con?gura 
tion-information-maintaining unit 3012 in the storage appa 
ratus 3011 to change information on the con?guration of 
volumes de?ned on the physical disks 3015 and 3016 in the 
storage apparatus 3011. The volume-con?guration-informa 
tion-supplying unit 3013 in the storage apparatus 3011 reads 
out information on the con?guration of volumes from a 
volume-con?guration-information storage unit 3014, and 
supplies the information to the volume-con?guration-infor 
mation receiver 3008. The volume-con?guration-informa 
tion-maintaining unit 3012 changes volume-con?guration 
information stored in the volume-con?guration-information 
storage unit 3014 in accordance With a volume-creation 
request received from the volume-creation-request issuer 
3007. The volume-con?guration-information storage unit 
3014 holds information on the con?guration of volumes 
de?ned on the physical disks 3015 and 3016 in the storage 
apparatus 3011, and supplies as Well as changes the infor 
mation on the con?guration of volumes in accordance With 
requests issued by the volume-con?guration-information 
supplying unit 3013 and the volume-con?guration-informa 
tion-maintaining unit 3012 respectively. When a speci?ed 
volume is created in accordance With a request from the 
volume-creation-request-processing unit 3003, in conjunc 
tion With the volume-con?guration-information receiver 
3008, a requested-access-time storage 3006, a post-volume 
creation-access-time calculator 3009 and the alternative 
plan-searching unit 3004, the requested-access-time preser 
vation examiner 3005 veri?es Whether or not the access time 
of each volume other than the speci?ed volume satis?es a 
requested access time. The requested-access-time storage 
3006 holds a requested access time as information on 
performance for each volume and supplies the requested 
access time of a speci?ed volume in accordance With a 
request issued by the requested-access-time preservation 
examiner 3005. The post-volume-creation-access-time cal 
culator 3009 determines an access time that can be satis?ed 
by each volume When a volume is created at a speci?ed 
position in accordance With a request issued by the 
requested-access-time preservation examiner 3005. The 
alternative-plan-searching unit 3004 searches for an unoc 
cupied area that has a speci?ed siZe and satis?es a speci?ed 
access time in accordance With a request issued by the 
requested-access-time preservation examiner 3005. The 
Warning & alternative-plan-displaying unit 3002 displays a 
notice informing the user that a volume other than the 
requested volume does not satisfy the requested access time 
of the other volume in case a volume creation operation 
requested by the user is carried out in accordance With a 
request issued by the volume-creation-request-processing 
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unit 3003, and the unit 3002 displays an alternative plan 
offered by the alternative-plan-searching unit 3004. 

[0042] This embodiment uses an average input/output 
request count as typical information on average utilization 
and assumes that the siZe of input/output data is ?xed. In this 
embodiment, substances of the present invention are all 
implemented in the management computer 2004 as shoWn in 
FIG. 3. It should be noted, hoWever, that any processing 
blocks or some sub-blocks of a processing block can also be 
provided in the storage apparatus 3011 or any of the client 
computers 2002 and 2003 and the management computer 
2004, Which are shoWn in FIG. 2. 

[0043] FIG. 4 shoWs a ?oWchart representing the proce 
dure of processing of a request to create a volume in the 
management computer 2004 shoWn in FIG. 2 in accordance 
With the present invention. As shoWn in FIG. 4, the ?oW 
chart begins With a step 4001 to receive a request for 
creation of volume, the storage capacity of the volume to be 
created, an average I/O count of the volume, a requested 
access time of the volume and a parity group on Which the 
volume is to be created. This processing is carried out by the 
volume-creation-request-receiving unit 3001 shoWn in FIG. 
3. It should be noted that, if a requested access time and an 
average I/O count are not speci?ed along With the volume 
creation request received at this step, default values deter 
mined in advance are used in the subsequent processing. An 
example of default values are 50 msec in the requested 
access time and 1,000 requests/sec in the average I/O count. 
At a step 4002 folloWing the step 4001, the volume-con 
?guration-information receiver 3008 shoWn in FIG. 3 
acquires information on the con?guration of all parity 
groups using all physical disks composing a parity group on 
Which the volume is to be created. Then, the How of the 
procedure goes on to a step 4003 to form a judgment as to 
Whether or not the speci?ed storage capacity of the volume 
to be created is available in the parity group on Which the 
volume is to be created. If a suf?cient storage capacity is not 
available in the parity group on Which the volume is to be 
created, the How of the procedure goes on to a step 4007 to 
search for an unoccupied area satisfying a speci?ed storage 
capacity and a speci?ed requested access time. Then, at the 
next step 4008, a Warning and an alternative plan are 
displayed before the processing is ended. The formation of 
a judgment as to Whether or not the speci?ed storage 
capacity of the volume to be created is available is carried 
out at the step 4003 by the volume-creation-request-process 
ing unit 3003 shoWn in FIG. 3. The search for an unoccu 
pied area is conducted at the step 4007 by the alternative 
plan-searching unit 3004 also shoWn in FIG. 3. At the next 
step 4008, a Warning and an alternative plan are displayed by 
the Warning & alternative-plan-displaying unit 3002 also 
shoWn in FIG. 3. 

[0044] If the outcome of the judgment formed at the step 
4003 indicates that the speci?ed storage capacity of the 
volume to be created is available in the parity group on 
Which the volume is to be created, on the other hand, the 
How of the procedure goes on to a step 4004 to examine the 
access times of all volumes de?ned on physical disks 
composing the speci?ed parity group after creation of the 
requested volume. Then, the How of the procedure goes on 
to a step 4005 to form a judgment as to Whether or not each 
of the examined access times satisfy its requested access 
time. The examination of the access times and the formation 
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of the judgment are carried out by the requested-access-time 
preservation examiner 3005 shoWn in FIG. 3. If the outcome 
of the judgment indicates that the access times of all 
volumes de?ned on physical disks composing the speci?ed 
parity group satisfy their access times, the How of the 
procedure goes on to a step 4006 at Which the request for 
creation of the volume is supplied to the storage apparatus 
and the volume is created. The judgment is formed at the 
step 4005 by the volume-creation-request-processing unit 
3003 While the processing of the step 4006 is carried out by 
the volume-creation-request issuer 3007. If the outcome of 
the judgment formed at the step 4005 indicates the access 
times of one or more volumes do not satisfy the requested 
access times, on the other hand, the How of the procedure 
goes on to the step 4007 to search for an alternative plan. 
Then, at the next step 4008, a Warning and the alternative 
plan are displayed. As described above, the search for an 
unoccupied area is conducted at the step 4007 by the 
alternative-plan-searching unit 3004 and, at the next step 
4008, a Warning and the alternative plan are displayed by the 
Warning & alternative-plan-displaying unit 3002. 

[0045] FIG. 5 shoWs a ?oWchart representing the proce 
dure executed at the step 4004 of the ?oWchart shoWn in 
FIG. 4, that is, the procedure for examining Whether or not 
all volumes each satisfy a required access time after creation 
of the requested volume. As shoWn in FIG. 5, the ?oWchart 
begins With a step 5001 to create a list of already existing 
volumes pertaining to a parity group and a volume neWly 
created on the same parity group. If there is another parity 
group sharing physical disks With the parity group of the list, 
hoWever, volumes of the other parity group are included in 
the list. Then, at the next step 5002, the requested access 
time and the average I/O count of each volume on the list are 
obtained. Subsequently, at the next step 5003, a post 
requested-volume-creation access time to be assigned to 
each volume is determined. Then, at the next step 5004, the 
list is examined to form a judgment as to Whether or not 
there is a volume With unveri?ed preservation of the post 
requested-volume-creation access time thereof on the list. If 
such a volume no longer exists on the list, the How of the 
procedure goes on to a step 5008 to make a decision that all 
volumes on the list satisfy their requested access times 
before ending the procedure. If the outcome of the judgment 
formed at the step 5004 indicates that there is one or more 
volumes With unveri?ed preservation of the requested access 
times thereof on the list, on the other hand, the How of the 
procedure goes on to a step 5005 at Which a next volume 
With unveri?ed preservation of the requested access time 
thereof is selected from the list. Then, the How of the 
procedure goes on to a step 5006 to form a judgment as to 
Whether or not the selected volume’s post-requested-vol 
ume-creation access time determined at the step 5003 sat 
is?es the requested access time obtained at the step 5002. If 
the selected volume’s post-requested-volume-creation 
access time satis?es its requested access time, the How of the 
procedure goes back to the step 5004. If the selected 
volume’s post-requested-volume-creation access time does 
not satisfy its requested access time, on the other hand, the 
How of the procedure goes on to a step 5007 to make a 
decision that a volume on the list does not satisfy its 
requested access time before ending the procedure. 

[0046] Information on already existing volumes is 
obtained at the step 5001 of the ?oWchart described above 
by the volume-con?guration-information receiver 3008 
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shown in FIG. 3. In addition, requested access times are 
acquired at the step 5002 from the requested-access-time 
storage 3006. Furthermore, a post-requested-volume-cre 
ation access time to be assigned to each volume is deter 
mined at the step 5003 by the post-volume-creation-access 
time calculator 3009 also shoWn in FIG. 3. Pieces of 
processing are carried out at the other steps by the requested 
access-time preservation examiner 3005. 

[0047] As described above, all already existing volumes 
on the list created at the step 5001 are examined to verify 
that the post-requested-volume-creation access time of each 
volume satis?es its requested access time. It should be 
noted, hoWever, that the post-requested-volume-creation 
access time can be veri?ed for each volume using the same 
physical disks as the speci?ed parity group or each volume 
included in the speci?ed parity group. 

[0048] FIG. 6 shoWs a ?oWchart representing a procedure 
executed at the step 4007 of the ?oWchart shoWn in FIG. 4 
to search for an alternative plan. As shoWn in the ?gure, the 
?oWchart representing a procedure for searching for an 
alternative plan begins With a step 6001 at Which all physical 
disks are searched for an unoccupied area satisfying a 
storage capacity and an access time, Which are speci?ed in 
the request for creation of a neW volume. Information used 
in the search is the volume-con?guration information 
acquired at the step 4002 of the ?oWchart shoWn in FIG. 4. 
The How of the procedure then goes on to a step 6002 to 
form a judgment as to Whether or not an unoccupied area 
satisfying the speci?ed storage capacity and the speci?ed 
access time is found in the search carried out at the step 
6001. If such an area exists, the How of the procedure goes 
on to a step 6007 at Which the result of the search is used as 
the alternative plan before the procedure is ended. If the 
outcome of the judgment formed at the step 6002 indicates 
that an unoccupied area satisfying the speci?ed storage 
capacity and the speci?ed access time is not found in the 
search, on the other hand, the How of the procedure goes on 
to a step 6003 at Which all the physical disks are searched for 
an unoccupied area satisfying the access time and a neW 
storage capacity obtained as a result of reduction of the 
speci?ed storage capacity by 10%. Without regard to 
Whether or not such an unoccupied area is found in the 
search, the How of the procedure goes on to a step 6004 at 
Which all the physical disks are searched for an unoccupied 
area satisfying the speci?ed storage capacity and a neW 
access time obtained as a result of increasing the speci?ed 
access time by 10%. The neW access time obtained as a 
result of increasing the speci?ed access time by 10% means 
that a period of time required for making an access to such 
an area, if found in the searched, may be longer by 10%. 
Then, the How of the procedure goes on to a step 6005 to 
form a judgment as to Whether or not such an area has been 
found in the search conducted at the step 6003 or 6004. If 
such an area exists, the How of the procedure goes on to the 
step 6007 at Which the result of the search is used as the 
alternative plan before the procedure is ended. If the out 
come of the judgment formed at the step 6005 indicates that 
such an area does not exist, on the other hand, the How of the 
procedure goes on to a step 6006 to make a decision that no 
alternative plan exists before the procedure is ended. The 
processing of each step of the ?oWchart shoWn in FIG. 6 
described above is carried out by the alternative-plan 
searching unit 3004. 
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[0049] In accordance With the explanation of the ?oWchart 
shoWn in FIG. 6, a neW storage capacity obtained as a result 
of reduction of the requested storage capacity by 10% is 
used at the step 6003 While a neW access time obtained by 
increasing the requested access time by 10% is used at the 
step 6004. It should be noted, hoWever, that the rate of 10% 
is an example. As an alternative method, a rate speci?ed by 
the user of the present invention may be used. As another 
method, a rate providing a high probability of an alternative 
plan’s being found may be used. Such a rate can be found 
from a past search history. In addition, as another alternative 
method, if no alternative plan is found, the rate used at the 
steps 6003 and 6004 is changed and used in the pieces of 
processing at the step 6003 and the subsequent steps. As a 
further alternative method, only the processing of either the 
step 6003 or the step 6004 is carried out. As a still further 
alternative method, the processing of either the step 6003 or 
the step 6004 is carried out repeatedly. 

[0050] FIG. 7 shoWs a ?oWchart representing the proce 
dure of processing carried out at the step 6001, 6003 or 6004 
of the ?oWchart shoWn in FIG. 6 to search for an unoccupied 
area satisfying a speci?ed storage capacity and a speci?ed 
access time. As shoWn in FIG. 7, the ?oWchart begins With 
a step 7001 to acquire a list of unoccupied areas in all parity 
groups. Such a list is acquired by using the volume-con 
?guration-information receiver 3008 shoWn in FIG. 3. 
Then, the How of the procedure goes on to a step 7002 to 
form a judgment as to Whether or not the list includes an 
unexamined available area satisfying the speci?ed storage 
capacity and the speci?ed access time. If the list does not 
include such an unexamined available area, the procedure is 
ended. If the outcome of the judgment formed at the step 
7002 indicates that the list includes such an unexamined 
available area, on the other hand, the How of the procedure 
goes on to a step 7003 at Which an area is selected. Then, at 
the next step 7004, all volumes de?ned in the parity groups 
formed on the selected unoccupied area are examined to 
determine Whether or not the volumes each satisfy the 
requested access time after creation of a neW volume in case 
the neW volume is created in the area. The processing of the 
step 7004 is carried out in accordance With the processing 
procedure represented by the ?oWchart shoWn in FIG. 5. 
Then, the How of the procedure goes on to a step 7005 to 
form a judgment as to Whether or not the volumes satisfy the 
required access times. If the volumes do not satisfy the 
required access times, the procedure is ended. If the outcome 
of the judgment formed at the step 7005 indicates that the 
volumes satisfy the required access times, on the other hand, 
the How of the procedure goes on to a step 7006 at Which the 
selected available area is added to results of the search. 
Then, the How of the procedure goes back to the step 7002 
at Which the search processing is continued. It should be 
noted that the processing of the step 7004 of the ?oWchart 
shoWn in FIG. 7 is carried out by the requested-access-time 
preservation examiner 3005 shoWn in FIG. 3 Whereas the 
processing of all the other steps is carried out by the 
alternative-plan-searching unit 3004. 

[0051] FIG. 8 shoWs a ?oWchart representing a procedure 
executed at the step 5003 of the ?oWchart shoWn in FIG. 5 
to determine access times after creation of a volume. As 
shoWn in FIG. 8, the ?oWchart begins With a step 8001 to 
calculate a sum of average I/O counts of cataloged volumes 
on the list. Then, at the next step 8002, the average I/ O count 
of a volume to be created is added to the sum calculated at 
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the step 8001. The result obtained at the step 8002 is thus a 
neW sum of average I/O counts of volumes de?ned in the 
parity group after the requested volume is created. Then, at 
a step 8003 following the processing carried out at the step 
8002, a table for determining access time after creation of a 
volume is referenced. Result of the reference to the table is 
used as an access time after creation of a volume. In place 
of the table for determining access time after creation of a 
volume, a formula may be used for computing access time 
after creation of a volume. In this case, an access time after 
creation of a volume Which is found as a result of compu 
tation based on the formula is used. 

[0052] In this embodiment, access time after creation of a 
volume is determined at the step 5003 by the post-volume 
creation-access-time calculator 3009 employed in the man 
agement computer 2004 shoWn in FIG. 3. It should be 
noted, hoWever, that a block for carrying out processing of 
this step may also be provided in the storage apparatus 3011. 
In this case, the storage apparatus 3011 needs to be provided 
With a parity-group-performance logging unit for collecting 
a performance log of a parity group, an access-time-deter 
mining unit for determining access times after creation of a 
volume and a request-receiving unit for receiving a request 
for determination of access times after creation of a volume. 
The access-time-determining unit for determining access 
times after creation of a volume extracts an average access 
time of the log data closest to an average I/O count among 
the performance log collected by the parity-group-perfor 
mance logging unit. The average I/O count is speci?ed in a 
request received by the request-receiving unit for receiving 
a request for determination of access times after creation of 
a volume. The extracted average access time is used as an 
access time after creation of a volume. In this case, the 
management computer 2004 needs to be provided With a 
request-transmitting unit in place of the post-volume-cre 
ation-access-time calculator 3009. The request-transmitting 
unit is used for transmitting a request for determination of 
access times after creation of a volume. The request-trans 
mitting unit transmits a request for determination of access 
times after creation of a volume to the access-time-deter 
mining unit employed in the storage apparatus 3011 as a unit 
for determining access times after creation of a volume. 

[0053] FIG. 9 shoWs a typical table for determining an 
access time after creation of a volume. The table is refer 
enced at the step 8003 of the ?oWchart shoWn in FIG. 8 in 
determination of an access time after creation of a volume. 
The table shoWs a relation of the sum of average I/O counts 
shoWn on a column 9001 and the achievable average access 
time shoWn on a column 9002. Numbers on the column 9001 
each represent the sum of average I/O counts of volumes 
de?ned in a parity group speci?ed in a request for creation 
of a volume in the group. On the other hands, numbers on 
the column 9002 are each an access time that can be 

achieved by the parity group having a sum of average I/O 
counts or a formula on the column 9001. It should be noted 
that the table shoWn in FIG. 9 to be used for determining 
access times after creation of a volume can be provided as 
a table common to all parity groups in the storage apparatus 
or provided for each parity group. 

[0054] The numbers shoWn in the table of FIG. 9 are the 
examples. In an actual case, different numbers can also be 
used. As an alternative, the values of the numbers shoWn in 
the table can be variable. That is to say, performance logs are 
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collected in the client computer 2002 and/or the client 
computer 2003, Which are shoWn in FIG. 2, and an average 
I/O count as Well as an average access time of the parity 
group or another parity group comprising physical disks 
With the same con?guration and the same performance are 
extracted and supplied to the management computer 2004 to 
be re?ected in the table for determining access times after 
creation of a volume. 

[0055] In addition, values of numbers shoWn in the access 
time determining table can be computed from the number of 
physical disks composing the parity group, their perfor 
mance, speci?cation performance values described in a 
catalog, the RAID level of the parity group and the storage 
capacity of a usable cache memory. In order to ?nd an 
average access time of a parity group, for example, an 
average or the largest of average access times of physical 
disks composing the parity group is multiplied by a ?xed 
value determined by the RAID level of the parity group. 
Examples of the ?xed value determined by the RAID level 
of a parity group are 2 for a RAID level of 1 and 1/2 for a 
RAID level of 5 at Which the number of physical disks for 
storing data is 3 and the number of physical disks for storing 
redundant data is 1. 

[0056] FIG. 10 shoWs a table of information held by a 
requested-access-time storage 3006 shoWn in FIG. 3. Each 
data on a column 10001 is the identi?er of a volume. Each 
number on a column 10002 is an access time of a volume 

identi?ed by the identi?er on the same roW of the column 
10001 and each number on a column 10003 is an average 
I/ O count of a volume identi?ed by the identi?er on the same 
roW of the column 10001. 

[0057] This embodiment implements typical centraliZed 
management of requested access times in the requested 
access-time storage 3006 shoWn in FIG. 3. It should be 
noted that access times can also be collected and held in a 
client computer, a management computer or a storage appa 
ratus. As an alternative, an access time can also be provided 
for each volume de?ned in the storage apparatus. 

[0058] FIG. 11 shoWs a table of volume-con?guration 
information held by the volume-con?guration-information 
storage unit 3014 employed in the storage apparatus 3011 
shoWn in FIG. 3. To be more speci?c, 

[0059] FIG. 11(a) shoWs a relation betWeen the parity 
group, physical disks composing the parity group and the 
RAID level of the parity group. A column 11001 represents 
identi?ers each identifying a parity group. A column 11002 
represents physical-disk sets each composing a parity group 
on the same roW. Acolumn 11002 represents RAID level set 
for a parity group on the same roW. On the other hand, FIG. 
11(b) shoWs a relation betWeen the parity group, the volumes 
assigned to the parity group or the unoccupied area existing 
in the parity group and the storage capacities of the volumes 
or the storage capacity of the unoccupied area. A column 
11004 represents identi?ers each identifying a parity group. 
A column 11005 represents volume sets each composing a 
parity group on the same roW and unoccupied areas each 
existing in a parity group on the same roW. A column 11006 
represents storage capacities of the volumes on the same 
roWs of the column 11005 or volumes of unoccupied areas 
on the same roWs of the column 11005. 

[0060] In this embodiment, if there is a volume not satis 
fying a requested access time after creation of a volume, a 
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Warning and an alternative plan are displayed. It should be 
noted, however, that only a Warning can also be displayed 
Without an alternative plan. In this case, the processing of the 
step 4007 of the ?owchart shoWn in FIG. 4 is not carried out. 
Only a Warning is displayed at the step 4008. In addition, 
after a Warning is issued, it is possible to verify Whether or 
not a requested volume still needs to be created. If the user 
prefers to continue the process to create a volume, the 
volume may be created even if the access time of other 
volumes Will no longer satisfy the requested access times. In 
this case, the processing ?oW shoWn in FIG. 4 continues 
from the step 4008 to the step 4006 if the user prefers to 
continue the process to create a volume or the processing is 
ended after the step 4008 if the user prefers to end the 
process to create a volume. 

[0061] The description of this embodiment is limited to 
creation of a volume. It should be noted, hoWever, that the 
embodiment is also capable of moving a volume. In the 
creation of a volume, effects on performance are taken into 
consideration by focusing on a parity group in Which the 
volume is to be created. In the case of a volume movement, 
on the other hand, effects on performance are taken into 
consideration by focusing on a parity group to Which the 
volume is to be moved. 

[0062] The table shoWn in FIG. 9 and used for determin 
ing access time after creation of a volume and information 
shoWn in FIG. 10 and held by the requested-access-time 
storage 3006 can be changed as speci?ed by the person in 
charge of storage management or modi?ed automatically at 
a speci?ed time. For eXample, a timer is used for setting 
times at Which table entries are periodically changed or the 
term of validity is set for the table entries. In addition, a 
priority level may be assigned to a requested access time 
With regard to information held by the requested-access-time 
storage 3006 shoWn in FIG. 3. The priority level is used as 
a basis at the step 4008 of the ?oWchart shoWn in FIG. 4 to 
form a judgment as to Whether to end the procedure after 
display of Warning or to verify continuation of the creation 
of a volume as described above. 

[0063] As a second embodiment, the folloWing description 
explains a procedure for specifying a requested access time 
and displaying an area satisfying the requested access time. 
FIG. 12 shoWs a ?oWchart representing the procedure for 
specifying a requested access time and for acquiring a list of 
unoccupied areas satisfying the requested access time. As 
shoWn in the ?gure, the ?oWchart begins With a step 12001 
at Which a requested access time is acquired. Then, at the 
neXt step 12002, unoccupied areas satisfying conditions are 
searched for. The conditions are, for eXample, that each of 
the unoccupied areas shall satisfy the requested access time 
and have a storage capacity of at least 500 megabytes. As a 
search method, the procedure represented by the ?oWchart 
shoWn in FIG. 6 is used. The 500 megabytes speci?ed as a 
condition is an exempli?ed number. Subsequently, at a step 
12003 folloWing the step 12002, a storage capacity and an 
access time after creation of a volume are displayed for each 
unoccupied area found in the search. In accordance With this 
embodiment, before a neW volume is created, it is possible 
to form a judgment as to Whether or not an unoccupied area 
satisfying the requested access time eXists on physical disks. 

[0064] This embodiment implements a procedure for 
specifying a requested access time and displaying a list of 
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unoccupied areas each satisfying the requested access time. 
By the same token, the embodiment may also implement a 
procedure for specifying a requested storage capacity and 
displaying a list of unoccupied areas each having the 
requested storage capacity. As an alternative, storage capaci 
ties and access times after creation of a volume are displayed 
for all unoccupied areas Without specifying a storage capac 
ity and an access time. 

[0065] A third embodiment implements a procedure for 
cataloging access times of volumes used in the ?rst embodi 
ment. FIG. 13 shoWs a ?oWchart representing a procedure 
for cataloging a requested access time of an already eXisting 
volume. As shoWn in the ?gure, the ?oWchart begins With a 
step 13001 to acquire information on each volume, the 
requested access time of Which is to be cataloged. Then, at 
the neXt step 13002, access times after creation of a volume 
are determined by using the procedure represented by the 
?oWchart shoWn in FIG. 8. Subsequently, the How of the 
procedure goes on to a step 13003 to let the user select an 
access time as a requested access time under the condition 
of a value greater than access time after creation of a 
volume. Then, at the neXt step 13004, the selected access 
time is cataloged. 

[0066] In the ?rst, second and third embodiments, an 
access time is used as a typical performance evaluation 
standard. If the data transfer speed varies from volume to 
volume, the data transfer speed can also be used as a 
performance evaluation standard. As an alternative, a com 
bination of the access time and the data transfer speed can 
also be used as a performance evaluation standard. In 
addition, data-reading performance and data-Writing perfor 
mance can be treated separately as different kinds of per 
formance. Furthermore, evaluation standards are not limited 
to the performance. For eXample, the RAID level and 
information on reliability such as limitations on functions of 
the storage apparatus can also be used as evaluation stan 
dards. Moreover, a relative positional relation With other 
volumes can also be used as an evaluation standard. An 
eXample of such a relation is a relation betWeen tWo volumes 
not using the same physical disk. In addition, a combination 
of tWo or more evaluation standards may also be speci?ed. 
In this case, a Warning may be issued to indicate that not all 
the speci?ed evaluation standards are or even only one of 
them is satis?ed. 

[0067] In accordance With the third embodiment, 
requested access time is cataloged right after creation of a 
volume. It should be noted, hoWever, that requested access 
time can also be cataloged after some time has lapsed since 
creation of a volume. As an alternative, requested access 
times can also be cataloged after the access time is deter 
mined but prior to creation of a volume. As another alter 
native, requested access time can also be cataloged before 
and after the volume-creating step 4006 of the ?oWchart 
shoWn in FIG. 4. 

[0068] In the ?rst, second and third embodiments, an 
average I/O count is used as information on average utili 
Zation of each volume. HoWever, a client computer using the 
volume does not necessarily use the volume in a condition 
around the cataloged average I/O count. In some cases, a 
client computer using the volume uses the volume in an I/O 
count greater than the cataloged average I/O count, that is, 
several times the cataloged average I/O count. Thus, the 
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performance of other volumes deteriorate. As a result, it is 
quite Within the bounds of possibility that the other volumes 
no longer satisfy the requested performance. There are 
several methods that can each be used as a technique for 
preventing the average I/O count per unit time of a client 
computer from substantially increasing. One of the methods 
is a technique for limiting the number of I/O requests made 
by the client computer. To put it concretely, starting from a 
point of time at Which the average number of currently 
issued I/O requests eXceeds the average I/O count speci?ed 
in creation of a volume, issuance of an I/O request is delayed 
by the client computer itself or no request is made during a 
predetermined period of time. As another method, if the 
present average I/O request processing count exceeds the 
average I/O count speci?ed for each volume in the storage 
apparatus, the priority to process an I/O request issued to the 
volume is loWered for the time being, or it is possible not to 
process the request during a predetermined period of time. 

[0069] In accordance With the present invention, in an 
operation to create or move a volume, the volume is created 
and moved by taking the requested performance of other 
volumes into consideration. 
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1-10. (canceled) 
11. In a managing computer to be coupled to a storage 

apparatus that has a plurality of physical storage devices, at 
least one of the physical storage devices being con?gured to 
preset volumes, each of Which satis?es a predetermined 
performance, a method for creating a logical volume com 
prising the steps of: 

receiving a request to create a logical volume, the request 
including a designated performance of the logical vol 
ume to be created; 

judging Whether or not the logical volume to be created 
satis?es the designated performance and Whether or not 
at least one of the present volumes satis?es the prede 
termined performance if the logical volume Which 
satis?es the designated performance is created; and 

sending, to the storage apparatus, an instruction for cre 
ating the logical volume to Which at least one of the 
storage devices is con?gured, if the logical volumes 
satisfy the requested performance. 

* * * * * 


